Introduction
Improved immuno-cell therapy using activated lymphocytes (ALs) with or without dendritic cell (DC) vaccination is performed at Mediotopia Numazu Clinic, Japan, as one of the supportive therapies for patients with advanced cancer and refractory cancer. Adoptive immuno-cell therapy has very low toxicity and exhibits fewer side effects than conventional chemotherapy and radiotherapy, as has been demonstrated over the past 20 years of clinical trials with immuno-cell therapy, including those conducted for "highly advanced medical technology'' in some medical institutions under the approval of the Japanese Ministry of Health, Labor and Welfare.
Currently in Japan, immuno-cell therapy is an accepted and widely used treatment for advanced cancers to protect the patient's immune system against tumor cells, but is at present not funded by the national health insurance system. chemotherapy and/or radiotherapy in combination when indicated. The Seta Clinic Group, which supplies our clinic with ALs and DCs, has performed immuno-cell therapy [2] . The cell processing and immuno-cell therapy processing used were approved by the Ethics Committee of the Seta Clinic Group [3] . The generation and augmentation of ALs and the preparation of tumor lysates and peptides for DC vaccination were performed using lymphocytes and monocytes collected from peripheral blood. The precise processing of these cells is described previous papers [4] [5] [6] .
Clinical responses and assessment
Clinical response was evaluated by physical and/or radiographic examination according to RECIST. A prolonged SD was defined as ''long SD'' that remained unchanged for more than 6 months.
Statistical analysis
Patients were evaluated for demographic, physical and laboratory variables. The distributions of these variables were compared by the chi-square test for qualitative variables and Fisher's Student t test for quantitative variables. Patient survival was analyzed using the Kaplan-Meier method. Differences in survival were determined using the log-rank test for univariate analysis. Statcel ver.2 for Windows Excel statistical software was used for all analyses.
Results

Patient characteristics
Among the 38 patients, the original site of advanced cancer was the lung in 5 (13.2%) patients, liver and bile duct in 4 (10.5%), pancreas in 8 (21%), esophagus in 4 (10.5%), stomach in 4 (10.5%), colon in 1 (2.6%), breast in 3(7.9%), uterus in 2 (5.2%), ovary in 4 (10.5%), and other sites in 3 (7.9%).
The disease was stage IV in 19 (50%) patients with distant metastases at various sites and stage III in 19 (50%) patients. Twenty-three (60.5%) of the total 38 patients had previously undergone curative surgery (antecedent surgery group), while the remaining 15 (39.5%) had not undergone surgery but had received chemotherapy and/or radiotherapy (non-antecedent surgery group). In the antecedent surgery group were 7 (36.8%) of the 19 patients with stage IV disease and 16 (84.2%) of the 19 patients with stage III disease. Staging grade was significantly different between the antecedent surgery group and non-antecedent surgery group (P<0.0034).
Clinical response ALT alone or in combination with DCT
Of the total 38 patients, 8 (21.1%) were treated with immuno-cell therapy with ALT alone and 10 (26.3%) with ALT + DCT without additional conventional chemotherapy and/or radiotherapy, whereas the remaining 20 (52.6%) patients were treated with ALT in combination with the conventional therapies. All patients received 6 or more infusions of ALs with or without DC vaccinations subcutaneously. The tumor response to therapy was determined after one course of immuno-cell therapy, with a maintenance time of more than 6 months. The results of immuno-cell therapy with or without additional conventional chemotherapy and/or radiotherapy are shown in table 1.
Toxicity was assessed in all patients. Side effects due to immuno-cell therapy were rare, with no treatment-related toxicity apparent in any of the cycles of immuno-cell therapy.
Of the 8 patients treated with ALT alone, 4 (50%) patients achieved long SD, ranging from 7 to 27 months. Two of these patients died 24 months after completion of the therapy. These patients with long SD were all in the antecedent surgery group. There were no cases of CR or PR in the non-antecedent surgery group.
Of the 10 patients treated with ALT+DCT (Table 1) , 1 (10%) achieved CR and 5 (50%) achieved long SD.
Nine (81.8%) of the 11 patients who underwent antecedent surgery achieved long SD, ranging from 7 to 32 months. On the other hand, among 5 (55.5%) of the 9 patients in the non-antecedent surgery group treated with ALT and conventional chemotherapy, only 1 (20%) patient with long SD survived 16 months.
Comparison of antecedent surgery and non-antecedent surgery group responses
The clinical characteristics of the antecedent surgery group and non-antecedent surgery group were compared statistically and are summarized in table 2. Patients in the antecedent and non-antecedent surgery groups had a variety of different advanced cancers. All patients had advanced cancers of stage III or stage IV. There was no significant difference in age distribution, but there was a significant difference between the two groups in terms of staging grade (P<0.0034).
The clinical benefits of immuno-cell therapy were estimated statistically by comparing the two groups using the chi-square test: the antecedent surgery group showed a significantly higher response rate (P<0.0092). This suggests important roles for the antecedent cytoreducing effect of surgery in minimizing tumor extension and preventing dissemination and metastasis of cancer cells to some extent even in patients with advanced cancer in various organs.
Median survival time of the antecedent surgery group and non-antecedent surgery group was 36 and 9 months, respectively. Moreover, analysis of the actuarial survival rate after immuno-cell therapy for the two groups revealed that the antecedent surgery group showed a significantly superior response, as determined by the log-rank test (P 0.001; Figure 1) .
In 23 patients in the antecedent surgery group, there was a significantly (P 0.05) better response in the ALT ALT, activated lymphocyte therapy; DCT, dendritic cell therapy; CR, complete response; PR, partial response; long SD, prolonged stable disease for >6 months; SD, stable disease; PD, progessive disease. www.japanjournalofmedicine.com and chemotherapy combination group (n = 7) than in the ALT DCT group (n = 11). This finding suggests a certain benefit of immuno-cell therapy using ALs in combination with chemotherapy when planning the appropriate time interval between chemotherapy and immuno-cell therapy in order to prevent direct drug side effects on immuno-cells themselves.
Discussion
Many cytotoxic drugs that have been developed in the past 50 years are widely available for the treatment of advanced cancers. Although they are effective in some types of malignancies such as leukemia, malignant lymphoma, choriocarcinoma, and testicular carcinoma, most other solid and organ tumors such as those in the esophagus, stomach, lung, liver pancreas, and colon remain refractory to anticancer drugs. Cytotoxic drug therapies inevitably have toxic side effects. The goals of successful cancer therapy should be survival prolongation, symptom palliation, and improved quality of life for patients, especially when designing or evaluating immunotherapy trials because of delayed onset of effects. The high response rate reported for chemotherapy is the result of evaluation based on the temporary reduction in tumor size in accordance with RECIST criteria. However, this has not been shown to clearly correlate with duration of patient survival. Additionally, the tumor-reducing effect of the drug may be short-lived [10, 11] . Under many standard regimens, the median duration of the CR and PR responses is approximately 6 months and less than 12 months at most [12, 13] .
Tumor reduction surgery for advanced-staged cancers has been tried widely for more than 10 years and positive results have been obtained with and without perioperative intraperitoneal chemotherapy, especially in the field of ovarian cancer, colorectal cancer, gastric cancer and other peritoneal cancers [14] [15] [16] . However, it has become clear through accumulated clinical experience that in order to improve the clinical benefits afforded by tumor reduction surgery with intraperitoneal chemotherapy, careful selection of patients is needed, and thus, the indication for this technique is strictly limited to a small number of patients with advanced cancer. On the contrary, adoptive immuno-cell therapy has almost no toxicity and can be used for patients with various types of cancer and can fundamentally be used with any cancer patients at any clinical stage without additional restrictive criteria for patient selection. Kamigaki T presented no serious adverse event in the prospective study of adoptive immune-cell therapy for patient with various type of advanced cancers [17] . Tumor reduction surgery with immuno-cell therapy would therefore be a treatment option that would extend the indications for surgery and is expected to increase the surgical benefits of tumor reduction surgery itself in various kinds of cancers compared with conventional tumor reduction surgery with chemotherapy.
In ALT and/or DCT immuno-cell therapy, no severe side effects were observed and favorable effects were noted in most patients; thus, even in patients with advanced cancer with a low performance status of PS-2 or PS-3 grade, adoptive immuno-cell therapy can be tolerated without any side effects. There were 2 (5.2%) patients with PS-2 and 2 (5.2%) with PS-3 who completed at least one course of the immuno-cell trial in this study. Among the patients in the antecedent surgery group who received immuno-cell therapy, the ALT with chemotherapy subgroup showed a significantly higher response rate than the ALT + DCT subgroup. This may be due to the adjuvant quality of ALT overcoming the profound toxic effects of drug chemotherapy using appropriate time delays between ALT and anticancer drugs to prevent direct drug side effects on activated lymphocytes.
In the present study, antecedent curative surgery before immuno-cell therapy resulted in a favorable outcome, suggesting that antecedent curative surgery is an important factor for obtaining sufficient benefits from immuno-cell therapy through reducing the adverse actions of cancer cells against the patient's own cells, organs, and their activities. The superiority of immune-cell therapy with antecedent surgery to that with non-antecedent surgery in terms of actuarial survival rate confirmed the total chronological long-term benefits even for patients with advanced cancer.
Recent increased number of clinical reports using adoptive immune-cell therapy with or without conventional chemotherapy and /or radiotherapy make it possible to analyze detail results according to each pathological type of cancer, e.g., lung cancer [18, 19] , gastric cancer [20, 21] , hepatic cancer [22] and glioma [23] . Almost all of reports show better efficacy of adoptive immune-cell therapy, with significant better overall survival rates and/or improved prognosis of patients of each cancer.
In conclusion, although the number of patients treated in this preliminary study was small, statistical analysis clarified that surgery before immuno-cell therapy confers important benefits even for patients with advanced cancer. Such antecedent surgery is advisable in order to obtain higher clinical benefits for such patients in the future.
Moreover, detailed indications and criteria for each type of cancer should be examined and decided through large-scale studies.
